We present a theoretical study of the impact of oxygen diffusion in oxide crystals on metal dopants ionic state and the conduction type under dynamic changes. The slow changes under thermal equilibrium are provided in a companion, Part I paper. Oxygen vacancy formation acting as a shallow, double-electronic donor, is assumed to result from the crystal exposure to a low ambient oxygen pressure.
I. INTRODUCTION
This paper is a companion continuation of a paper published in this issue [1] . Doubly ionized oxygen vacancy diffusion through the oxide crystal medium induces valence transformations in resident dopant metal ions. The present paper deals with kinetics of processes related to sudden gross changes in the ambient partial oxygen pressure. Recently, it has been demonstrated [2] [3] [4] [5] [6] [7] [8] that improved insight of the process is obtained by utilizing the reaction rate, reaction zone, and reaction front concepts. In the present paper, the above theoretical techniques are used for a comprehensive analysis of the oxygen chemical diffusion in a metal-doped oxide crystal. Invoking ambipolar diffusion for all participating species, it is shown that oxygen vacancy diffusion exhibits well defined characteristics in specific regions of the vacancy concentration. Particularly, the oxygen chemical diffusivity is practically constant between i P and M P , and increases sharply for pressures Seeger's approach to both regions provides an essential improvement in the present article relative to Ref. [8] , where it was used only for the
region. Prominent reaction fronts occur there under specific conditions.
II. KINETIC ANALYSIS
When the crystal is subjected to a change in the ambient oxygen pressure, oxygen vacancy diffusion is activated, inducing concentration changes of the other species (metal ions, free electrons and free holes) until a new equilibrium is established. In the following we consider the dynamics of these changes. Under local electro-neutrality and quasi-equilibrium of all chemical reactions, the oxygen chemical diffusivity  D should be used in the diffusion equations. Following Maier [10, 11] , 
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The dependencies summarized in Tables 1 and 2 (b)
Next we discuss the concentration and reaction rate profiles of various species during diffusion for the different regions defined in Tables 1 and 2 under oxidation or reduction. We limit considerations to a semi-infinite sample.
We consider first the pressure regions in Tables 1 (
) and 2 (
where  D is practically constant. The diffusivities may be readily interpreted as trapcontrolled free-hole diffusion per said region in Table 1 , and trap-controlled free-electron diffusion per said region in Table 2 . The role of traps in the first case is played by the
ions, and in the second case by the (the "reaction rate") is
Notably, ( . Table 1 . Similarly, inserting the specific reaction constant (1 st line, Table   2 in Part I), and further assuming In both low-pressure regions i P P  and M P P 
per Tables 1 and 2 , respectively, most dopant metal ions exist in the
state, and the reaction equilibrium state is identical:
. The effective diffusivities are described by the same expression,
dependence on the vacancy concentration. We denote the surface concentration of
We invoke Seeger's parametric solution [9] : One defines a constant A as the solution of the
and
For demonstration of the above solution under reduction and oxidation we use , and the initial and boundary conditions per Table 3 below. The latter were selected to cover the entire relevant pressure ranges. 1.0x10 1 6 1.5x10 1 6 2.0x10 1 6 2.5x10 1 6 x/2(D*t) 0.5
In Fig. 3(a) , the (Tables 1 and 2 ). . In fact, the actual behavior may be represented as a combination among the ones related to the separate regions. This complex behavior issue will be a subject in a future publication.
